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— & ' lib }k # m m - tk # 

f # * & f 'J - a a& ^ it m - £ % >h ?l ^ flf fai - % t ' & 

it. i& £ * * *l # *t ^ >ft Bf fai /?• ?>j > a #.j #j & a # 
a -L ^ « « at ^ -f # n m% » K£.*&&:£;&fta,ttit 

# *i # # - 



(®WZ-£m ' NUCLEIC ACID SEQUENCING METHOD) 



The present invention relates to a nucleic 
acid sequencing method by using a rotating 
electric field to control shifting of a 
polynucleotide sequence through a nanopore. The 
shifting time of each nucleotide passing through 
the nanopore is found to be multiple times of 1/4 
the period of the rotating electric field. By 



comparing changes of the blockage current for the 
polynucleotide sequence through the nanopore with 
time and the measuring the shift time, the linking 
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%X®*m& (&WZ-£m • NUCLEIC ACID SEQUENCING METHOD) 

order of the nucleotides in the polynucleotide 
sequence and the repeating nucleotide numbers can 
be determined. Therefore, a rapid nucleic acid 
sequencing method is provided when the rotating 
electric filed is adjusted with an adequate 
frequency. 
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&>mimw (i) 

&® W A % m - «*S fkfh n (Nucleic Acid 




Sequence) > J- # #J & # III ^ - ^ flM£ # ^ 

^(Rotating Electric F i e 1 d) #. «■ *S fil # #| # 4fe S& £ # 

DNA(Deoxyribonucleic Acid) J-X^.RNA(Ribonucleic 
Acid) • 

f -3*#«|;ffl| & # * Frederick Sanger 

m * * ' * # ^ * *l « ftDNA £ & f'J ^ T # jL ft t • H 
« # f 'I - & ^ *a ft £ ' & # * it # £ 4Bt ^ * 
DNA #j # H • &**J*4Ltfc<fl*iT • 

* * ' * * * -S. m(Polymerase Chain 

Reaction » PCR) $J » & & & * ^ H $ ^(polymerase 
I ) * & # 51 «8 # ?»J & & 51 -f (primer) > =. m SI * IL * 
St « S&(dNTP) « A & flj «. > * tdNTP _L * 6#tt*ft* 
Tttil^^^- • % ft ' ^ #dNTP fli to ^(analog) » % 
tdNTP m to 4fe & &3' - ft & &(3' -hydroxyl group) ' * 
^&*«#4fe&#3'-ft*t&^ia#j&T-^#Sl~S&*fc 
(phosphodiester bond) » © tfb £PCR J& t ' #DNA ft $ 

$.J 34 # M to ^ > ft & # 1 .If |i J ^ it I"! ° 

# ' m va m ^ m dNTP ^ & to ^ #j ^ ^ ^ mpcr & 

M m t ' # H9 =fcPCR SL M m # f'J # 4, If jh ^ >J «. 
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3. * ®Wi$LW (2) 

(Chain Terminated Fragments) ° m ^ > fr] ft f f |, - 0 

n * #t * - #7 DNA £ a ^ ^ w ^ , jt n * ma ^.DNA ^ ^ i. 

dL**^-f-*,A<t-l±7t*^« 3H • £ & ' & flf # ftj «J J* 
£ fl& #l iff A DNA ft $k & % n o 

8\ fl& » f ^ t ^ ^ 5r ^ t I a|j. ? P f . •£ #| i§ ^ 
« # .^Sanger ^^^^>fe^#A^&S-^^^ e, f i£15 

u ft A • it & m % Jl i&DNA It % ^ iT ik t ' * ^ 
PCR BL & & %l % ft *f 4L' b£ Fal # # 4& i$ . .igi^tf 
A #r $ 4l f >] ¥j a * % 4s t 9 * ' S itb 4$ £ # i& a & -It 
JL ?? # » ffij X > M Ifr & % & it ^, an # '14 j£#fl&trtt#Afl& 
f ' ft * 4k * £ aa afr ft ft iff iH « ^ ' ft & * *P 8* it # 

# * 7 ft t»T)S # ' *5.ft#*l£ffl4*A • ® itb > JR. 
£ - # & & ft £ # # & ft # & *6 ^ <& • £ *b » £ 2: ft f ** 
(L.M. Smith et al., Nature 321, 674 ( 1 986)) - (F. 
Sanger, S. Nicklen, A. R. Coulson, Proc. Natl. 
Acad. Sci. USA 74, 5463 ( 1 997 ) ) fit A ( For a review, 
see A. Marzizli, M. Aleson, Annu. Rev. Biomed. 
Eng. 3, 1 95(2001 )) t M 4* ft! Bfl ^ f **DNA £ # >5r & 4l * 
< A W * ' * * H ftl # M.DNA ^^^r*if 4A6d<* 

*r • 

Bit ' * # «¥§ ft S ttlfc**t#--**fc/**I'lfcifc£# 
ft # & ' U & 4S*»««t^^J^^^B^JL^j^4L4L*fe ft • 
* # «« ft 3 - 9 ft£ft#--|ttt*/f*|ifcsi;£#ft;5r 

* • a & ^ S£ ?<] & # ^ & • 
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i > ftwrnm (3) | 

^ # * A - 4ft Si # ?»J ft it £ # #j # & . jtb ^ #, 1f ♦ 

& & # - » jm ' * t it M m x e, ^ « * - £ * * ?l • # 

* ' w-*ft&##iJt3fr»j»jL ' & t jfc 4i si # ?»j »r « £ 

DNA « % £RNA • 4l ft. ' Jfc*»#ift*#4L-fcJ# • « ft 4£ 

^ #i si & * ?i ' & 3. ® ^ n ifr % wk & % 

% ' a ft gi # ?>J £ & # it & T ii i£ * ?l • & t • ^ & 

t * ' »fi 3 - 4b ^S. 

flfc t ^ ' ti$£*£^€^*#*3l5j4L^# . ^ ft90 8L 4B >£St 
£ tL Ml t # # A ' • # #J 

' ^ # % m n Mk at %> ?>\ & t ^ a h ^ # & ' ft * ^ ft 

t#tf • lit ' & ft 4ft Si 

l^*«i.tf ' ajfc«tH«J#jt4fc * 4ft Si # 

A £ $l Jl ^ # $ o f^fei|§(i^#f^iit ' * ft 4ft 
ft^?>K«j|J:|^^^# ' S itb ^ # t % -sr « 3N- 4ft & % 
n A *l & i A & H # & ° fa £ jtb ^ # f: J# #j # 4£ T ' # 

4ft si 4 & i m ' 4ft si 4 ?>] tt i^fii * ?l ; fl&. * 

4ft Si ^ ?»] 4& A & #J £ . 4ft si # ?>J t «g f it * ?L ° s 
ilb > # afc g # b£ IUI #. «E *»J # A # 'J> ' ft »T & # * ft # 
- 4ft Si ^ ^-(Nucleotide) ^ ii. i§ * ?l » JL # - 4£ Si ^ -I 1 

* i§ 'J- ?L ^ b$ fal * 4ft Si 4 *t 4in Jl Bf r4 ^ it • ^ # 

it i§ ^J^ ?L ^ ^ >ft 5^ ^ -tb # ft ^ b^ r«1 ifii g >fb • rffj ilb Rt ^ 
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s. > t£win*n (4) 

m itb » lit >*J 3d fit W^ft^bHfe»»T«|SlB^^^iB & 

St 4 #1 ^ H *S St ^ ^ 60 4 ° *b 4L *b > & 8^ j§ »r j,x 

& at # 60 ^ it & Ji # £ ^ ?>j >; a > £. t 

£*flj f'Jf&JJ&^-^l-J^Lfh ' |3J 1$ & T & m # 

* # ^ ^ tt#*Jftifc;fc#fi&3r*Ttt-fc--&«-t*L 

# & - & 4 * n j& % * ji#!8-*-?-j|i>r*j»£4fr-jfc£ 

t 4L 4 _t *0 & - * *L • H * jib H £ # * *l ^ tt tf » ft "5T 

m st % n ^ k % ft *r at # m ^m^- a $ & *t i$ ta &o g ^ * 

ft » * ^ # - It * St y > * S * *L 60 b£ Pal 4 # it # *| *fc & 
i 8f Pal 60 & it#( 4t # t J# *-l/4 it ft| 60 * » B&iJ- 

*-«*f*aiii6t ' *b*#it^-?--kjfc-.ft* j fait«- 

^ # ^ St # ?'J ^/r 4 iB 60 ffc. it ' > £. it #r & £ # ^ *f it 

$ 60 ft * ^ it • & -r 4l ' n * it it * n - & st # n ^ 

at &g # . ^- a n m & & m. % n 
x&it#im.fr*&rttiimx ' a a * & it 4 4t * * 60 it 
a ° 'a jt ' # * # m ^ -n sk & *r u it &o ^ * a st >^ n 

% n ' fl& X £ # ^ « J: J«F It ^ ^ ^ ft ft 60 la It if fl& 
it ^ • 

^ # m ^ m m. % n ^ it ^ ^ &o ^ * » « ^ it 60 ^ ^ 

St ^ ^'J 4 ?>J ^ ^ * > >x ^t #S^^r*^-5S^4^Bf4i*fc 
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£ » fcWiSLW (5) 

# Bfl ^ % H i& £ # #4 » & ^ £ * t *'J $ ^ 

* * 64 #j m -t ' iifcT^fe^t^^u^^f 

* # 93 < ^ H 4 ?'J W it £ # 64 # & > £ *| A £ fe it # 

& 4£ ^ & Sit # ?>] X * ' Sit^t^t^iitnt^ 

* ^ *g ^ $ ° 

M m ^ # a 3 ^ IT & *T a «fc tf £ - 2r - ^ ^ jl 4f. jc 64 

€ n • 

$ * # w _l it jl jt a 64 - # m - n m> n ^ 

•It ' TX#*-*lft t #J ' W H A ' ^ # 

W -ko T ' 

100 : ft JR 
10 2 : * ?l 
104 : & # ?il 
10 6 : H. #f ^ $L 
3 0 0 : flM'J £ 
3fe #J 

$ 1 ffl Ht * ' & * >F ^ ^ JR * <fl - #3t £ f #'J - 

« m. % ?>\ % a& - ft at Jl - * ?i ^ tf: % m • 

* 9 1 n • -r a, & # - ft j» i o o ■ j. ft m i o o ji 6 

# & * - 4fr # * *L 1 0 2 • & t ' ftflU004L#tfcI*»£*L4b 

# # fl > JL jtf fl> & ^ >b ?U 02 ^ X. -f iH *» £2 £ * £3 £ # 
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2.>&*jm*n (6) | 
£ & ' m & & * ^ * & w & & m m - m * & jr & Q 

ja£$JBU00JL#j&**ll02 • m ft £ ft j* 1 0 0 _t ft a * ?i 
1 02 4L # * ^ X Jfc t *U. Li et al., Nature 412, 

166 (2001) • 

J»»lK1001L^-«.^*«.106t(*»^lBim7F) ' it 
«F«H^^104^n5.3»«100JiiLiaiW**106t ' 

^'J 1 0 4 -T JX £DNA £ £RNA • * ^ a & # ?>J104 #> A ^ H 

t ^ ■& *t ^ ^ ' ® t fa f - £ & Ifc % miOQ i> % 
102 • 

aioo 3- fa t j# u «.# *lx si 104 m * & % mioo _l ^ * 

& #J & Sfc ;M'J 1 04 Si i& * ?L1 02 4L & & ' *» # 2 ffl #r tf • 

& %2M + »Z#fc^$:#E*r«&#S*#?tfl04£i&ft 

m 1 0 0 _L ^ * ?l 1 0 2 ' ffij XY © ^ #fc # % J#Ec Jt'J »T a # ifi 

*^^J104*t4fiLj[*afc«. ' JX&4*afc#*J104£«t>ltt4fc# 

T it i§ ?1102 - 

£ * «fe #>] t ' ^ # t ^ Ec T W I * f s f i 4: 
4r t m ft & ' *t-#**4>4j***jE.*B^Wfe^b 

$ ' * ^90 £ 4a to J: 5. flft. t * # /& > & ^ u ft & — M ft 
^t#t^ • *> $2 H Af ' * # t %Ec = Ec sin( o> 




3L>#B/m<^ (7) 

t)i+ Ec cos(6>t)j > & t i H j ^ #J *X- # fa *Y- # ft ^. # 

f 14 ^ t ° 

£ + ' jtb ^ # € ^Ec # & & # ?>J 1 0 4 & 4 * at & ^ # 
& ' #* J* ^ 3fc # 1 ^#Ec # m * (O ° M ft ft $ #1 tit to 
d# ft f ' *J1 04 ***Jl**ltt*# ' a * «t 

^i|j#ii#*^^at^?'ji04ji4.^LjL4L^ffi - bl m ' 

^■^^^#^^#€^#^f ' A^«A^^H04"5T««Ji 
t * «r ^ to » B*b*l**J#^*tt#*l*#*ll04A±4JLjL 
# afc & 4^ # 4S • ft # € *#Ec ft # j£ T ' # # «fc # *J 

1 04 # 4fc Jl # « ' *U 02 Jl ^ # * # *I 1 04 -ft 4fc * 

£ i& * ?L1 02 > flo # Si # ?>J 1 04 #. at & #j & ' ^ ^ * ?l 
1 02 _h 4L & Si *J 1 04 * ^ £ f m ']> *L1 02 • S lib > t A & 

(nucleotide) « it i& * *L1 02 ' if - i t^-f f I'J> 
•fll 02 ft 8^ ft £tt*/**]104*4fciafr ffl # & Ifc ' * *P # 
-*fc#^£i&'h^l02#B£«£;fc#«J*4Ll/4ia$ttifc 
*t# • 

If M 9 3 II * % 4 M ' * # * £N( * #N <« # * ) 
ft - # Si # 74 1 04 » A 3r a 9 B IS- (Cubic Lattice) a ft t 
*t & & ^(Bond-Fluctuation Model )( *» $3 SI flfr tjO j& 
*#£«(0ff Lattice)4L*k-f##« 55! (Bead-Spr i ng 
Model )(*o3MB#f7f:)*«#fc 0 * A. ' S£ # 1 04 % % - 
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i » %t*nttw (8) 

SjL j&DNA( single strand DNA ' ssDNA) • & & % fa W + » 6 
*b#E Bfc # ?'J104 £ - ID £ a & T ^ 4t ^/(Motion) #, a 
Metropolis Monte-Carlo ^l^ilfr^t ° 

iL # «( a a a ^ W SE) ' X m & ^ J# & & i(Bond Vector) 
# *B = P(2, 0, 0) UP(2,1,0) UPC 2, 1,1) UP(2, 2, 1) UP(3, 

0, 0) UP(3, 1, 0) • | tP(a,b,c)^iF^tt#? l JA+ a, 

± b , ± c J* -fr • A««*W^r**-«1M»Ji.#si:«i^r 

1 1 1 ^ * ^ # # t ?n t f if ° 

C.-M. Chen, Phys. Rev. E63, 010901(2001) : 
C. -M. Chen, Y. -A. Fwu, Phys. Rev. E63, 
011506(2001) ; 

C.-M. Chen, P. G. Higgs, J Chem. Phys. 108, 
4305(1998) ; 

1. Gerroff, A. Milchev, K. Binder, W. Paul, J. 
Chem. Phys. 98, 6526(1993) ; 

H. P. Deutsch, K. Binder, J. Chem. Phys. 94, 
2294( 1 99 1 ) ; a & 

H. P. Wittmann, K. Kremer, K. Binder, J. Chem. 
Phys. 96, 6291(1992) • 

ft n a* * m % 2 m - % 3 n * % 4 m • lititt » a 
t #) ' ^ m s£ 4 ?>j 1 04 & m & & mi 00 ji * ?i 
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3>#q&tJM& (9) I 

t ^#ec(x-y -f- © ^ #t # t i#) ' u & p] & m. % ?>}i04 m >b 

?L 1 02 ^ i& £ - t ' itb ^ # ^ #Ec ^ « $ a A « 

£ i^b # #J t£ ^ ^ & ' £ # - £.J » l^.^ilit}^-a^ 
^ - & ^- fal t # f£ SI ft ^ 3r ft ^ # ^ - # ^ - 

(Excluded Volume Constraint) » M.%r#)$fc&£i-§tto%£. 
& fr ft & t ^ ' *b#»*##ft#*|#P=iniii[l f exp(- 
A U/kT) ] » & t AU ft & ft * # ?'J1 04 ft fc 4 ft 4b » ^kT ^ 
fate • *<fc«5lt ' a Sit # ?'J104 ^ #U =Ubend + 
Uelectric +UH-bond • & t ' Ubend = £<i>e(l-cos 0 i) 

A * * £*ft(Rigidity)e*4frft A &( Bending Angle) 
{ 0 i } 4fr ft jfe *( Bending Energy) » Uelectric A 3& 
Z^^)4:-|tf AX-Y A ^ - 41 # t *#Ec 60 - f 

'fA $s (Electric Potential Energy) » ^ UH-bond # A $t 
# 4^(A, T) *(C, G) * & # ^ ft ^ Jt jfe(Hyd rogen 

Bonding Energy) • & W t ' * ^ H * t$ ^pH ft #j 

- -t(Urea) ft 2r ^ rfij # * & 

f ^ ^ I, M t f > ® *b itb n & «&■ 1. ^ Pal ^ & & It 
fkUH-bond • 

1 0 4 # it *r it ifi * ?L 1 0 2 4l o g. t , ^ i o 2 ^ K -f # 

A 3 -f- fa . S^T#|,lf j4 > ^ 3 t # & # JU . 5 Jf 




i - (10) 




fcjfeja&#*##4HSt£*4BEI ' i *i # W f * 4k * 1 0 7 
V/m • «j##*J#4l#*<uA*10-1£.10-8(MC step-1) > 
J. 4fe # t ^ ^ & £Ec #> 4/ 0 . 1 M. 1 . 2 ^ 44 o ^ M l# ^ ^ 
T • 

M # B 0 

tf ^ A* « 5A SI * # 5B B ' B+*.«£**4*Att«fc^-?-ii 
i§'J^?L&0^tS(Number of Nucleotides Passed the 
Pore) ' fa ^ # & it i& * ?L # BOUTime) • £ $5A SI 
t ' * A tt ai # * A « *( 6) ^ 10-3) ^ «t # t * T # 

t ^ # it it 'b ?i ^ -it ^ • n & m & m. n ft t » & *t & 

* ?L ^ Bf- W tc # £ - EI £ fc(tc -2 x 104 MC steps) • ffij 
?\ t # - « S£ ^ ^ ^ it ift Bjj tn ft it -fcfc J£ * 

£H5BBt ' t a * # *l £ ^ m 4K w ^10-4) ^ tk # 

t j# t » & %4b b t m * 4l *j # & <y =10-6 ' -*t % $i & m 

it i& t& # ifc jg ° * Sp -fit ^ a S£ # #1 ^ t W & ^ #J a St ^ 
^itiftB^W^^^^St^^|4L^i«BJl*^^«t^^-Si3SBt- 
W -ft 0 £ #1 = 1 0 - 6 » 4t««H^^j4LitiftB^WtCiKl 

% 108 MC steps . BfcT##a-fr-#*ta* J f-£.*b«J#T 
4l it it Wtn # $1 t» • 4«tt ^1 MC step £p £ 

i o - 8 # - & & «r ^ , ^ ^ ^ ^ ^ # $ j# ^ ^ $ & 2i ^ 
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i * ®WiSLW (11) 

104 #(Hz) • ^ *r « if- 4& ** a£ # ?»J a ii * *i 60 & A ° 




$ 6 m m ' * # 4 & s£ 4 n t £■ « a& ^ it ig * ?i 

60 $ ' & £ IS. #1 $ 60 ^ # t J# # T & f 4b 60 & 
m 7ft ° & t ffl ^ ^ I* Jl ^ ^ 60 # ?'J # «^i|j&HJ« 

fid P«H A A fl& 'J- # ?>] • 

1ft £ Jft $ 6 n > n t * * * « Sfc ^ -f- 3ft a 'b 
af ftltn ' m m I* #> & flft ^ ^(nucleotide) • £ *b ' ^ # 
% J# ^ m * 6) ^ 10-4 ' j. ^ # f; *#Ec & « i#E & A ^ fcb A 
(Ec /E)>4 » &b Q$ > #■ - ^ flft ^ 3ft 3§ * ?l ^ f^tn ~ 
mTc/4 ' ^ tm^f It • falc =2 x / (*) • & SI t ;# tfe ' £■ 

ttfc^^Sftsft/hJLttBfrWjftfc^-fliW*.* ° 3t * 0 A £ & 
l&lt t ' **#«*^#fc3£*#±;fcttlfc#S|B* . $ 
/&_h-Cfc;*7$F'#"$£. ' *» itb ft ft #tn # * 4b ^ Jit |l o & 

# >£ & 60 * ' * # 6 n t ' *<*«ti#-***t« 

# # #> J-X & 3ft ig Bf 53 60 *a ffi> £ » rfii ii # & £ SI t ^ # ?»J 
Ji 60 Jffi 0 

* 7 B /9f ' *|3ft3§ * ?L 60 ffl H & # 

*f Sit 4 *l * 3ft * S ' M ^MM'lt^ll&^iL^r a 9 a & £ 
W t 60 ft & $ £ * n • tt*#fl£te*tt;fc#«J##JflT 

*#**JL**«jfcB4:*A(»M*l!ft«^|l||* #1/4 

3ft as M 41m tto. 02 3t ) ' m # 6o j* * & it & x # & #■ 
a ft 60 j* & - a • tt # j& 9 7 n » 1 t< « Ait^ 




£_*®wnw (12) 

H it i& '!> ?l # « tc » fl6#4A^4^#«J#4L«^(w) • V ' 
&#.?'J104#;&&^^te#i£iaJ&?ll02m t #j ^ S3 £1/4 

*#**5t*!tt4fcitte- * ^ 7 n *o ' 1 1 # t f ^ i 

# <y ^ 1 0-4 . ^ g£ # ?>] it ift >h *L # W tc H ^ # € J# 4i 

# * <U j& & & - ^#^#^%^^^<y^l0-3Bf . Ifc /* 
?>J it ig * ?l #j ibj tc & & & - ® %. it ° it tt £ it ' fa £ & 

m. n & & & «l * # € % & - *««t^^i**tj[i^ttat^ 

-f « & * it it * *L ' «j # S* # ?>J 4fc *«B^tt*^f ^ & 
it it * ?l • 4a & # ' ^^^sfe^^ifiO^i&it'it. ' favkfr n 

$L t # t -f- *K # ? i& * ?l o & f ^ ' Ji it ^ & & #J ^ # 

te&fr^-tfjfo&LfrflifQf ' %p t ft n #j & • 

4 ?'J * 4 ( 3 ' ^15' lift ) it J* _L i% & $ 3* # *J ^ >i «. ' « J-X 
^ itb ^ St # ?<J ^ ^ ^ |§J • ^ t iH t ' ft & Jpt iH 

(GTACTTCGCGTGTAGTCATTTAATCC) • ffij £ ,1b *ft * # ?'J ^3 ' *ft 
A IS *b ft X - 9l * H ^(AAAAAAAAAAAC) 4L >i « » * ^-5' ^ 
#^ mft&X % - A # ^(ACCCCCCCCCCC) 4i «. » * 
St # ^ ^ ^ ^ ^ it ifi ?L ^ it ^ :% JA ^ ^ * JiC ^ 
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s.^mnm (13) 

?f » si jit £ & &. ^ n 

m it i& * ?i 60 it ^ 

^ > ^ si /f ?>j i*M£ t% 

# Bfl t ' & ^ 4£ 
*b *P 4& & ® it i® 

^ > *f ^ £ ^ ^ ^ 

m. % n $j it # # ^ 
$j # 60 q ^ n _l # 

$8A B| /*/r ' & 

*t a H p*1 60 m # si 
^ it n it i® * ?i 60 
60 m #> m - 

tf #- ffi $8A H A 
-L L $L -=f- 60 it @ (Number of Nucleotides) » 4t |A # 
^ a Bit ^ + ii i£ * ?L 60 b£ ft (T i me ) > iff} $ 8B M ^ ffi. #6 # h 
m * y$L ^ 5k &(Current) ' ^ # fa % g£ + it i® * ?l ^ 
Bf- (Time) • ^ # ^ t » *^**&/£#I^#--#8*a--?- 
*f * ?l 60 ±% S a & ^ 15] » 0 ilb m m. 3- it i& >b ?l & -f >A 
&&-&'frfit*afrK|iBj9Hb o 0 ilb > 3£ *T W £ a g£ ;f ?'J 
^ilii'MLWift^t ' * m it i& * ?L ^ & /ft 5k & ^ ^ 
4b > il # - ^ & 60 1 > fl&Jfr&fit^B^ffltfcflstt**-?- 

t * • *» & ' n & * »j m w 60 ^b « *r 
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•^tfij^^^^^^gj^ > $ 5 B ffl #r 
it i® * ?L 60 it & # f & it » .ti ffii ' 

^ ^ ^ # it # ^ # ^ ^ >i ^ • a 
& & & •}& ft & & n & & ^ & ?\ to u % 
n ft f ii ^ # ^ ^ ^ f • ^ > ^. & 

tf £ #f ^ ^ 60 ^ ^ >^ m 60 4i 

& - & & # ?»J # i& 60 ^ St ^ -f 

; ^8Bffl^7F . & <ft**M&$8AH*. 
^ a A * il i§ ^ ?L 4L * f * sii 

* 8B m ' ^ 8A m ^ m # & m, % n 



3L*&W*Lm (14) 

u n ^ & j& & & & % n x & m. fa & ft ^ & % * % 

% 9 n m * » /& * # - & ft # ^ t& 

1 1 - £ # I 1 -*- *! *. ft ^ Sit # n It % 4L t> ffl ° 

* 4i 3r & JX £ # - j& £ t & Ml 00 _L 1$ - /J. ^Ll 02 • 

4l & ' n & - # £ t j# jx a - ^ # t: j# jx ^» m m. % n i o 4 

£ ^ f-J ^ T ii. i® * *L 1 0 2' • ji JL » igufial^-jfest^ 

-f- s«i & & # ^ m 60 * -fb302 « & m m - *h & t &304 te, 

T *. 0 II & ifcb 4$ £ # P# ?'J 3 0 0 ^ «t tf > ft T JX m it 
M m x & # *J £ # ^ tft tf . jx tb # la 4a ig 60 « alt 

#*j*.£/*3»*f/tf4**j at. & a «■ n m n • 

it te( - 4* at ^ & >\» *l 60 itq & «t # f; j§ ^1 74 
it A 60 *. ^ ) ' Bjfc#-fc-##-?->:&&&fl&f ' itb *t m 

+ Mtfj&mfr H ft t %l iB SI 60 ^ 

*fc ' **Sfcjg?*ft*t4* + tt**te*t 0 ^ lr ^ » H ^ tb # it 
<a * - A alt ^ H ii ift * 'V ?l 60 * S aft. of iq *| . 

^ a #>j m totikfkftnx&&Mk*Lit* # &o m 4 • jx a & 
#bstjfc«.tb%60*ta - gj jtb » # a 4^ # ^ ^ ft -q" jx & 
it 60 ^ aj ^ sit ^ ?»j ^ ^ ' ffij j. ^ 4 ^ « & m fit * m it 60 

if *ff tTq >\k it If » & % 1 0 SI ft ' 

^ *f tb ^ la. ^ f B 1 60 M ffl » 
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£.>®WifLW (15) 

1 t # m % i o ii ' 11 t^*ft*m* t^i^i 

(Prediction Error) > fl&^|*^^^^^*f-fcbS^4Lfeit 
(Number of Time Series Analyzed) ° 

*l it -ft £ # ^ *f > &*£*j*3096 0 & ft ' It * *f 

fcb «f it W if *i ' * til I A % #r T fl£ ' 

^ is *t $'J i£ 1 6 la a _t » & £ ft j$ JL 0 % o 

t ^ f (A, G) .KC, T) i| t f f ^ II o a , ^^tyfsf 
W | * - * ^ ^ f ^ || ^ A , 0!l*ii£jft|fe^^4Hfr4fc. 

Ji *i i - 4b # & > * *l *» ^" « £A, G *C 4L JR &(Amino 
Functional Group) # _L — ^.(benzoyl) • 

w # * m & i^j a m % n ft $ & & % & # ^ «r « $ ^ m & 

*R & U X ft it ' * ft «!>§ * # T ?'J ft ft : 

1 . a * ft «m ^ £ % » ^ra^i^j^^iBMf^i^- 
& # ?»j ' a *b ^ ft ^ *r m & # & a* # ?>j 4l # ?>j £ jf- 

A ' J-X i& # f i® ^ & Bf 4& ft - 

2 . * ft ^ *ft g£ # *| ft it £ % tf) jj & , & ft £ ^ % ft 

3 . * ft a£ *>j m k % n fl&i4*T£&&#4L tb m it > ^ 




IL^WiSLW (16) 

4 . *J ffi * # ^ & « & t f iii - ft * * x$ x «. % 

tf) K A S ' «ft*Jfei*ffl^*^^«f * f * * i * A. -fb 

& H ^ *fe am Jl - 

3& $ * # W e> « lie # * m n M- *» Jl ' UK * Jl # fl§ J-x 

pa £ 4- # B £ ' *M*r f itb & # =£■ ' & * Jft & # a £ ^ # # 

& ffl * ' # # # ft- ^ n % n *g ^ . a *t * # q& ^ « « 




% 1 SI 4r #L * # 91 - & ft * *l - *fc Si # ?>] Jjf m 
- & ft -L ^ - ?l ^ t> fl ; 

$ 2 ® & #c as & B% - ^ ft * ^ - Si /f ?'J >£. - 

$ 3 b % m m - € m m m ^ & m m - a m. % n m. & 

$ m ± 4- >b ?l & it & ® ; 

% 4 SI & *'J ffl £ - H € JB « K 4l # ^ & M - ft Si 4 ?»J 

it $ & ft _h /J> ?l #J Tf: * m > 

%5k M & %5B & %, - fa & & & M ^ & l&m % tk & 
**^#*T£i§*^#4i^fr-f*tB*i$ffl«>lMftB : 

$ 6 b ft $ - & si # n t 4- & si ^ -7- ^ is * ?i # 

M ' **te**tt*#*****Tjfc***t#3l|l4LlHft 

B ; 

9 7 ffl ft & - ^ si % n m i§ * ?i # b^f nq A * # « j# 
« * # m ft ffl ; 

«r 1 ft A ; 

% 8B B % n M % 8A m fa Si # n it i& * *L ft « A 
* ft it it * *L 4l i§£ & & & ft Sfl ft fl ; 

|9| AtM^f ^-ttt^ m ^ 1st ft - & /£ If- ?'J 

a it *T ** 5i # ?'J # ^ £ # Tfr t B I J-X A 

*10B*#fc#fl#fl*.;fc#t*itA;fc;£a-*f|ait*. 
W ft M ft SI • 




1 . - m & it * w * * * # w a* * ' & # : 

' II ' M ^ J: 6 ^ t - ^ ?L : 
jNF - tt * # ?'J 4 a- tft ># Ji ; 

ifef f • « >f£ i* & & ?<J & if i& 

* *l ' J. n 8* ^ fi- ^ ^ & m z~ - tw ft # t # » 
a «* & m. % n m. m m & a t m. m t% * n • ^ tta st. 

41 # - ** ^ it ifi « * ?L #J 8f Pal #, & t£ ^ # t *# 41 

1/4 it # #j £ it : a A" 

||iij«#flt#3*]4L4fc--#lfc^^iai&tt 'J> ?L 4i 8f Pal ja. 

2 . *J t f | H SI *l**fii*-tt*#*Hfcifc£;fA& 

3 . t *f 4 *'J ft B * 1 J K #r it 4i « g& 4 H *fc it £ # #j 

4 . *» f 1fr * *'J J£ ffl fclJj|/tfifc4L#fc/£ *| 4fc ifc £ # # 

# & ' & t % & f£ 'J- *l 4l # & # *j ft - $t £ 3r & a ^ t* 

lii # ^ « * a • 

3r & ' &t^&tJ^#t#4l#&#, ||&,$#^;te^:i:4l 
i | L # t ^ j& ' & + -*f-f#«tf'!fc£±*#-iE.ffcB* 

Pal ft 4b ft £ ft « * ' fl&3-if*#**'&*£.*#--'fc* 

8^ H ft 4b 41 51 >7fl € • 

6. *. t ft # ** II IS *l#/*f*fc4ltt*# *J * it £ # W 
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10. *» t * ffl #93«m3t^**4W'ifc5i^^w 

11. *» f tf * #4 *£ B #9*/ifi4*.;8E*#*Iifcii£#6& 

12. *> t If * #4 la 9 *9*Hf£4Lttfc# 

# & . & t # & « * * *L ^ 3" % *i ffi - m * W ^ « * 
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f It | ^5 ffi) $ ^ ' & *- ^-^<fr 4 tte'&£&*#-iE.3£B* 
pal ft >fb 60 £ f: ' m % M ^ If & Jk £ & % - & & 
^ ffi ft 4t ^ 5. 85. € % 0 
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